Rapeseed oil is commonly used as cooking oil in Bangladesh especially in the rural areas and traditionally used with other food items in urban societies. This study evaluated the biochemical properties and chromatographic picturesque of various rapeseed oils namely mustard (wild and hybrid), rai (wild and hybrid) and canola oil in both raw and fried state. The qualitative tests such as acid value, iodine value, peroxide value, saponification value, unsaponifiable matter and Rechert-Meissl value were determined to differentiate the better quality of these consumable oils. Among five types of rapeseed oils, canola oil could be the best choice for consumption due to its lower erucic acid (6%) and high polyunsaturated fatty acids content, while the erucic acid content of mustard (wild), mustard (hybrid), rai (wild) and rai (hybrid) were 51.56, 64.82, 56.31 and 67.98% respectively. Canola oil also had the lowest level of acid value, peroxide value, saponification value and Reichert Meissl value but higher level of iodine value. On the other hand, rai (hybrid) fried oil was the lowest quality of consumable oil in comparison with other forms of rapeseed oils. Raw seed oils were also better than fried oils.
INTRODUCTION
Rapeseed oil which is popularly known as mustard oil in Bangladesh is obtained from the seeds of the plant Brassica spp. nowadays, most of the people of Bangladesh use rapeseed oil especially in frying and dressing of food stuffs. Two general types of rapeseed oils (Brussica campestris and Brussica juncea) are available in the subcontinent as well as Bangladesh. B. napus also found in USA, Canada and Europe (Sonntag, 1979) . According to the USDA (2009), rapeseed oil was the second most important edible oil in the world but it contains high levels of erucic acid (51.56-67.98%), which is poorly metabolized and consequently fats could be accumulated in heart muscle and evidently causes multiple organ dysfunctions especially heart and liver (O'Brien, 2008; Sahasrabudhe, 1977; Rahman et al., 2016) , besides some fatty materials could be deposited in the adrenal gland and ovarian tissues leading to some serious troubles on human (Charlton et al., 1975) . Rapeseed oil also contains both omega-6 and omega-3 fatty acids in a ratio of 2:1 and trans fats (0.56 to 4.2%) (O'keefe et al., 1994; Ghafoorunissa, 1998 . Haliloglu et al. (2004) found high amounts of phytonutrients, particularly glucosinolates and minerals such as selenium and magnesium in rapeseed, which helps to protect against certain types of cancer (especially lung cancer), severity of asthma, to lower high blood pressure and macular degeneration (Haliloglu et al., 2004) . In Bangladesh, people are habituated to consume soybean, palm and rice bran oil but they do not use olive, linseed, peanut, coconut or sunflower oil frequently. While, the modern trend of consuming rape seeds especially mustard oil in raw, fried and cooked form is increased day by day in the general people irrespective of economic status (Sarwar et al., 2014) but the nutritional quality of these oils are not assured. Marina et al. (2008) demonstrated the chemical characteristics of few convenient seed oils namely mustard, coconut, peanut, olive, linseed, sesame and sunflower oil but the detailed chemical characteristics of these oils remain obscure. Therefore, the objectives of this study were to publicize, determine and compare fatty acid profiles of different species of rapeseeds in both raw and fried form.
MATERIALS AND METHODS
Different varieties of rape seeds both mustard and rai (wild, hybrid and fried formed) and Canola oil (origin Canada) were collected from different areas of Bangladesh.
The seeds were cleaned and sun dried to avoid contamination. Then the seeds were stored at 4ºC in refrigerator with sealed plastic packet to avoid the microbial contamination. Seeds were crushed and grinded by using electrical blender machine to obtain rapeseed oil.
Frying procedure
The oils were heated according to the method of Owu et al. (1998) . About 500 ml oil was fired in a stainless steel pan for 10 min at 180°C and heated oil was obtained. The process was repeated two times to obtain three times heated oil with a cooling interval of at least three hours. Then the heated samples were analyzed after cooling for the chemical analysis to evaluate the changes caused by frying.
Determination of biochemical properties of rapeseed oil

Iodine value
The iodine value of rapeseed oil was measured by the method of Hansberry et al. (1947) .
Saponification value
Rapeseed oils were saponified with a known amount of potassium hydroxide, excess of which was determined by titration (Viswanathan et al., 1999) .
Acid value
A weighed amount of materials were titrated with a suitable solvent in aqueous sodium hydroxide solution under specific conditions, which did not saponify the neutral portion (Hansberry et al., 1947) .
Peroxide value
The peroxide value is defined as the milli equivalents of peroxide oxygen combined in a kilogram of oil. Peroxide value determined by the standard method (Das, 1989) .
Unsaponifiable matter
The unsaponifiable matter is a fraction of fat or oil that remains insoluble after saponification of the fat sample by alkali which was determined by titration (Hilditch, 1949) .
Rechert-Meissl value
This is the volume of 0.1 N aqueous alkali required to neutralize the water soluble but volatile acids obtained from exactly 5 g of the oil. Rechert-Meissl value was determined by the standard method (Roger castle griffin, 2nd edition, 84: 299).
Analysis of fatty acid methyl esters (FAME) by gas-liquid chromatography (GLC)
The fatty acid methyl esters were analyzed by Gas-Liquid Chromatography (GLC) method. The model of GLC machine was 9A, Shimadzu, Japan, 2010. The column was AT-5; Capillary length was 30 m, internal diameter (ID): 0.25 mm packed with 12 to 15% (w/w) ethylene glycol succinate liquid phase coated on 100/200 mesh Gas-chrom P was used. The injector temperature was 275°C and the detector temperature was 280°C respectively. Nitrogen gas (N2) was used as the carrier gas at a flow rate of 1.5 ml/min. Split ratio was 90:10. The temperature of the column was programmed initially at 120°C for 2 min, and then it allowed rising to 270°C at a rate of 7°C/min and the isothermal final period was 10 min. Thermal conductivity detector was excellent. Standard fatty acid methyl esters were used for the identification of the sample fatty acid peaks. The following fatty acids were used: The methyl esters of C 8:0, C 10:0, C 12:0, C 14:0, C 16:0, C 16:1, C 18:0, C18:1, C 18:2, C 20:0, C 22:0, C 22:1 and C24:0. The peak area of each component was measured automatically by chromatograph machine. The total mm of all peak areas were taken as 100% and the percent population of a given fatty acid peak was calculated accordingly. The fatty acids were expressed as weight percentages of total fatty acids.
Determination of fatty acid profile of rapeseed oils by gasliquid chromatography (glc) method
Gas Chromatography was conducted with a gas liquid chromatography (GLC-2010 series, Shimadzu Co Japan). Each FAME in extract was identified by comparing retention time with those of known standard FAME (LIPID STANDARD, SIGMA Chemical Co., St. Loius, USA).
The area of fatty acids was measured with GLC solution 2010 software. The results were expressed as relative percentage of fatty acids. The relative percentages of fatty acids were calculated by the formula:
Statistical analysis
Statistical analyses were performed with SPSS for windows, version 11.5. Data were expressed as mean±SD. Significance was accepted at the p<0.05 and highly significance was accepted at the p<0.01 levels.
RESULTS AND DISCUSSION
This study showed the biochemical properties of both raw and fried rapeseeds (Table 1) . Acid value, iodine value, peroxide value, saponification and Reichert Meissl value act as a parameter to expose the better quality of fats and oil. The high quality of fats and oils is reciprocal with the acid value. The higher level of acid value indicates the more free fatty acids (FFA) in the oil and thus increased oxidation and rancidity. The normal acid value of oil ranges between 0.36 and 1.5 (Lange, 1944) . Among five types of rapeseed oil, Rai (hybrid) had the highest acid value in both fried (0.932) and raw (0.622) oil while canola oil had the lowest one (0.376 and 0.329, respectively). In comparism with the acid value of these oils, raw oils were better than fried oils.
Iodine value is a measure of degree of unsaturation of oil. Edible oil with higher iodine values is always recommended for consumption, because of its more double bonds which are readily broken down by β oxidation and contains essential fatty acids but lower levels of cholesterol. On the contrary, edible oil with lower iodine value is less stable and more susceptible to oxidation and rancidity. In general, iodine value of oil ranges between 94 and 105. Table 1 also indicated that iodine values for mustard (wild and hybrid) and Rai (wild and hybrid) were 104 to 110 whereas canola oils were 110 (raw) and 112 (fried). Therefore, all rapeseeds in Bangladesh showed lower iodine values than canola. Frying process decreased iodine value in all cases. Among the rapeseeds, Rai (hybrid) was the lowest iodine values (108 and 104 for raw and fried, respectively). Peroxide value is one of the most widely used tests for oxidative rancidity in fats and oils. It is a measure of the concentration of peroxides and hydroperoxides formed in the initial stages of lipid oxidation and also useful for predicting shelf life. High peroxide values are a definite indication of a rancid fat, but moderate values may be the result of depletion of peroxides after reaching high concentrations. So, oils with low peroxide values are more preferable and good indication for better shelf life. The normal peroxide value of oil is max 1.0 whereas, the peroxide values of mustard and rai (both wild and hybrid) were 1.98, 3.1, 2.5, 3.3 for raw and 2.5, 3.5, 3.1, 3.8 for fried samples respectively. On the other hand, canola oil showed the lowest peroxide value for raw (0.88) and fried (0.994) formed than other rapeseeds in Bangladesh.
Saponification value is inversely proportional to the average molecular weight or chain length of the fatty acids present in the fat or oil. The saponification value of selected rapeseeds oil at different form (raw and fried) was analyzed by titrimetric analysis and the results were summarized in Table 1 . This study found the saponification values of mustard (wild), mustard (hybrid), rai (wild), rai (hybrid) were 171.1, 176.71, 172.22 and 178.56 for raw and 174.65, 177.56, 173.91 and 179.52 for fried samples respectively while canola oils were found to have the lowest value, that is, 168.3 (raw) and 171.1 (fried) which significantly differ from all verities of rapeseeds and indicates better quality of oil. General saponification value of oil is ranged between 168 and 179. Saponification value is also higher in fried samples than raw form.
Unsaponifiable matter is a fraction of fat or oil that remains insoluble after saponification of the fat by alkali. Unsaponifiable of 0.5 to 2.0% in oil represents the presence of mixture of several lipids like sterols, tocopherols, hydrocarbons, higher aliphatic fatty acids and terpinoids alcohols (Jacobs, 1962) . In this study, unsaponifiable matters present in rapeseeds were 1.1, 1.23, 1.19 and 1.56% for raw and 1.78, 1.95, 1.81 and 2.11% for fried samples of mustard (wild and hybrid) and rai (wild and hybrid) respectively. Among these rapeseeds, rai (hybrid) was the highest unsaponifiable matter while canola was the lowest ones (1.0% for raw and 1.29% for fried). Lower percentage of unsaponifiable matter in canola ensures the better quality in comparison with other varieties of rapeseeds in Bangladesh.
Reichert-Meissl (RM) values represent the amount of volatile and water soluble acids components of an oil and fat. The lowest level of this value indicates the better quality of oil. Table 1 also showed that RM values of various rapeseeds were 2.75, 4.11, 3.19, and 4.29 for raw and 3.19, 5.12, 4.18 and 5.28 for fried samples of mustard (wild and hybrid) and rai (wild and hybrid) respectively. Thus, rai (hybrid) was the highest RM value of both raw and fried samples while canola oil had the lowest level of RM values (0.44 and 0.66 for raw and fried oils, respectively). This table also indicated that fried samples were more hazardous than raw oils.
Identification and estimation of the fatty acid percentage composition of rapeseed oils by gas liquid chromatography-flame ionization detector (GLC-FID)
Fatty acid in the rapeseed oil usually begin with the saturated acid C10:0 (capric acid). In all the rapeseeds samples palmitic, stearic and behenic acids are represented as a minor constituent. Bulk of the Relative percentages of a fatty acid = Area of the fatty acid × 100 Total area of the detected fatty acids (Table 2) is presented as C22:1 or erucic acid. However, palmitic acids or C16:0 was the major saturated of the total fatty acids. The erucic acid (C22:1) had the highest proportion of the total mixture. Oleic acid (C18:1) and Linoleic acid (C18:2) were the next two fatty acids in most of the rapeseed oils. However linolenic acids (C18:3) did not contribute in the mixture. The most significant fatty acid like erucic acid (C22:1) had the attention of several workers all over the glove because of its complication of several diseases. Figure 1 represents the standard fatty acid methyl esterspattern developed by gas-liquid chromatographic techniques whereas Figures 2 to 8 indicated the patterns of fatty acid methyl esters of various rapeseed oils such as mustard (wild), mustard (hybrid), fried mustard (wild), rai (wild), rai (hybrid), fried rai (wild) and canola oils respectively. As many as thirteen major and minor peaks were observed in the chromatograph. Due to unavailability of some standard fatty acids, all the fatty acids in the sample oils could not be identified. The chromatograph provide information related to separation of individual esters of fatty acids and their respective retention time, printed on each individual peak of the fatty acid methyl esters. In Figure 2 , total saturated fatty acids observed was 4.12%, and palmitic acid, the major saturated fatty acid was found to be 3.11%. Whereas, stearic acid was 1.01% in the mustard (wild) oil. Among monoenoicfatty acid, erucic acid (C22:1) was the major component (51.56%) and oleic acid (C18:1) was 19.58%. The unsaturated linolic acid (C18:2) was 9.19% in mustard (wild) oil. The percentage of fatty acids in the mustard (hybrid) was presented in Figure 3 . The total saturated fatty acids observed was 6.11%. Palmitic acid, the major saturated fatty acid was found to be 3.80%. The second major saturated fatty acid stearic acid was 2.31% in the mustard (hybrid) oil. Among monoenoic fatty acid, erucic acid (C22:1) was the major component, which was observed to be 64.82% and oleic acid (C18:1) was 14.91%. The unsaturated linolic acid (C18:2) was 6.71% in mustard (hybrid) oil. The total saturated fatty acid of rai (wild) was 8.38% and palmitic acid, the major saturated fatty acid was found to be 5.78% ( Figure 5 ). The second major saturated fatty acid, stearic acid was 2.60% while the monoenoic fatty acid, erucic acid (C22:1) was the major component (56.31%). Oleic acid (C18:1) content was 21.93% and polyunsaturated fatty acid, Linolic acid (C18:2) was 9.80% in rai (wild) oil. On the other hand, Figure 6 showed that rai (hybrid) had 4.68% total saturated fatty acids and 2.92% palmitic (saturated) fatty acid. The major component, erucic acid (C22:1) was 67.98% and stearic acid, oleic acid (C18:1) and linolic acid (C18:2) were 1.76, 11.40 and 5.92% respectively in rai (hybrid) oil. Figure 4 also showed that the fried mustard (wild) oil contain total saturated fatty acids (5.95%), palmitic acid (4.48%), stearic acid (1.47%), erucic acid (69.75%), oleic acid (12.21%) and polyunsaturated linolic acid (8.05%). While the fatty acid compositions of fried rai (hybrid) oil were shown in Figure 7 . This gas liquid chromatography (GLC) pattern indicated the highest mono unsaturated fatty acid was erucic acid (72.77%). Others fatty acid such as total saturated fatty acids, palmitic acid, stearic acid, oleic acid and linoleic acid were 5.99, 4.58, 1.41, 10.24 and 4.97%, respectively. Although all the experimental rapeseed oils contain higher percentage of erucic acid, canola oil had only 6.0% erucic acid ( Figure  8) .
Erucic acid rich oil may affect many organs (e. g. heart, liver) and may induce myocardial lesion, necrosis (Hung et al., 1977) , and cardiac lipidosis by accumulation of substantial fat in the heart muscle (Kramer et al., 1992) . Chakraborty (2003) showed rapeseed oils contain 20 to 50% erucic acid but this study found 51.56 to 67.98% (in raw) and 69.75 to 72.77% in fried rapeseed oil. Erucic acid content of fried rapeseed oil was higher than the raw seed oil which was accorded with Chacko and Rajamohan, (2011) . Figure 8 also emphasized that canola oil had total saturated fatty acids (16.67%), palmitic acid (9.01%), stearic acid (7.66%), oleic acid (56.03%) and linoleic acid (15.87%). Harris and Connor (1980) demonstrated that large amounts of polyunsaturated fat in the diet exhibit significant hypolipidemic effect (Harris and Connor, 1980) . So, canola oil could be more preferable for consumption than other rapeseed oils.
Conclusion
Among different varieties of common rapeseed oils like mustard, rai and canola (both raw and fried) in Bangladesh, canola oil might be the most favorable oil for consumption because of its low erucic acid and high polyunsaturated fatty acids content.
Canola oil also had the lowest acid value, peroxide value, saponification and Reichert Meissl value but higher iodine value which indicated better quality of consumable oil. While rai (hybrid) fried oil was lower grade oil in compare with other form of rapeseed oils. Raw seed oils were also better than fried oils.
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